Introduction
Monitoring of electric and magnetic anomalies has been proposed as a means of predicting earthquakes [Mizutani et for this anomaly is thought to be streaming potentials associated with subsurface hydrothermal convection [Hashimoto and Tanaka, 1995] . A sharp increase of +500 to +600 mV in SP was detected 3 months preceding the first extrusion of lava and was considered to be a result of the growth of the hydrothermal sys- [Overbeek, 1952; Nourbehecht, 1963] , so that the streaming potentials are generated by fluids moving through porous media. The parameter that quantifies this coupling is the streaming potential coupling coefficient or, simply, the coupling coefficient, defined by 
which is the Helmholtz-Smoluchowski equation [Ishido and Mizutani, 1981 ]. When we want to be free from the effect of the effective conductivity, another parameter, C', independent on this conductivity is defined, The accuracy is within 1% for permeabilities greater than 10 -•6 m 2. The Klinkenberg effect is only significant in the three less permeable samples, and it is always less than 6%. Measurements were repeated several times for reliability.
Porosity and Air Permeability

Electric Conductivity Measurements
In order to determine the electrical formation factor F, the electrical conductivity of the rock was measured, at room conditions, when the samples were saturated successively with a distilled water and with at least seven aqueous NaC1 3. After these measurements the samples were dried and again saturated with a degassed NaC1 solution of 2x 10 -4 mol L -•, and the electrical measurements were performed. The saturation conditions and the procedure of measurements were those described in the previous paragraph.
4. This procedure was reiterated for the other six NaC1 solutions. Between two measurements, with two different saline solutions, the samples were carefully cleaned by saturating them several times with distilled water. The relative experimental error was less than 1% and 0.5% for rock conductivity and fluid conductivity measurements, respectively.
The formation factor was determined by nonlinear inversion of the experimental data, using the Revil and •rs 2 ( • ) fis Qv (7) where •rs is the surface conductivity, fis is the surface mobility of the counterions, and Qv is the excess surface charges per unit of pore volume. The inversion procedure is described by Bernard [1999] . Only the data unaffected by the polarization effects were used for the inversion. For most of the samples the frequency which allows the electric impedance to be a pure resistance is 10 kHz.
Streaming Potential Measurements
The samples were first saturated with deionized water under vacuum for 8 hours. Electrical potential was measured while water was made to flow through the sample using the apparatus described in Figure 1 . A silicone jacket was put around the sample to ensure the separation of the water and the confining fluid. A confining pressure (maximum 300 kPa) could be applied using the compressed air. The axial load was applied using lead weights of 50 kg, so that the axial stress on the sample was of the order of 1 MPa. This system allows a water to circulate through the sample with a maximum pressure gradient of 300 kPa. The water pressure, measured with a manometer, was controlled by applying compressed air pressure to a water reservoir at one end of the sample while the other end was maintained at atmospheric pressure. The tubing circuit was not closed, so that there was no possible electric current leakage through the water within the tubing. Most of the tubing is plastic, and the few metallic parts of the apparatus were grounded. The electric potential was measured by two silver-chloride electrodes of length 40 ram, which Table 2 and range from 9 to 65. We note a tendency of F to decrease with increasing permeability as shown in Figure 3 10 -1  , , , ,,,,,[  , , , ,,,,, (Table 3) .
In order to compare the ( potential obtained on the different samples in the same physical conditions, we must calculate the values of this potential at the same values of pH and water conductivity (or water concentration).
In the case of quartz systems, at pH close to 7 and for solutions containing K + or Na +, the ( potential may ME201 ( These observations show that the zeta potential is very sensitive to the weak mineralogical composition variations.
Streaming Potential on Volcanoes
SP surveys on mountainous areas usually show a negative correlation between electrical potential and topographic elevation, implying that the higher the topographic elevation, the lower the potential. Such a correlation between SP and topographic elevation is the result of steady state fluid flow caused by spatial variations in the elevation of the water table [Ishido, 1989 ].
Conclusion
The measured coupling coefficient on 11 samples from Mount Pel•e volcano has been found to vary with permeability. This variation has been explained by the effect of the effective conductivity, of the pH, and of the fluid conductivity. The remaining variation of the zeta potential is due to the differences in mineralogy of the samples related to the eruption mechanisms.
This study demonstrates that it is important to perform electrokinetic measurements by controlling pH and ionic strength (or fluid conductivity) and by measuring the effective conductivity. A good understanding of the electrokinetic phenomenon on rock samples must involve joint measurements on intact samples and on crushed samples, in order to know the exact value of zeta potential in andesitic-water systems and its de-pendence on salinity and pH. The electrokinetic process in unsatured medium and the effect of temperature have been theoretically quantified recently [Revil et al., 1999b] . The effects of vapor, and other gases, specially C02, on electrokinetics in volcanic samples, must be quantified in order to better understand the SP anomalies observed on volcanoes. Indeed, very recent measurements show that injected gases in soil, with various effects on pH, induced different SP responses [Martinelli, 1998 ].
